Purpose: To characterize macular edema that occurs after uneventful cataract surgery.
S mall-incision cataract surgery with implantation of extracapsular cataract extraction (ECCE) [1] [2] [3] to phacoa foldable intraocular lens (IOL) is currently the preemulsification with posterior chamber IOL implantaferred technique among cataract surgeons. The procedure tion. 4 The most recent reports show the incidence of is efficient, and uneventful surgery is generally associated clinical CME associated with some degree of visual loss with good visual results. However, some degree of macuis between 1% and 6%. 1 Lesser degrees of macular lar damage, clinically demonstrable as macular edema, edema associated with variable fluorescein leakage durcontinues to occur after uneventful cataract surgery.
ing fluorescein angiography (angiographic CME) may The incidence of clinically significant cystoid macuoccur in 19% of cases after uneventful phacoemulsificalar edema (CME), an advanced stage of macular edema, tion. 4 The incidence of CME is higher after cataract surgery when the posterior capsule breaks intraoperatively and is especially high after surgery complicated by vitreous loss.
2,5 Vitreous fluorometry, a more sensitive
The development of new methods of mapping and Retinal Leakage Analysis measuring macular edema and BRB alteration include
The RLA quantifies localized fluorescein leakage from the retina into the vitreous across the BRB. The instrumentaoptical coherence tomography (OCT), the retinal thicktion and image processing have been described. 7 The analysis ness analyzer (RTA), and the retinal leakage analyzer is based on a prototype Zeiss confocal scanning laser fluorom- (RLA) . In this study, we attempted to characterize maceter. It obtains fluorometric measurements from 18 optical ular edema that occurs after uneventful cataract surgery planes across the retina and cortical vitreous, separated from using these 3 new methods.
each other by 150 m and parallel to the retina surface. After intravenous administration of fluorescein, an axial graph of equivalent fluorescein concentration in the vitreous can
Patients and Methods:
be obtained from any region. After fluorescein levels in the retina and choroid and plasma levels of free fluorescein are This study evaluated 32 eyes of 32 patients with cataract corrected for, the permeability values of the BRB to fluoreswho were scheduled for phacoemulsification through a small cein are obtained from 1512 regions measuring 75 m ϫ incision and implantation of a foldable IOL in the bag.
75 m from a 3150 m ϫ 2700 m area of the fundus. Exclusion criteria included previous ocular surgery as well This generates a detailed map of retinal fluorescein leakage. as ophthalmologic pathology, diabetes, and other systemic
The RLA obtains images of the fundus and gives diseases that may involve the eye. Before the study, all patients 3-dimensional information. Optical imaging information and were given a full explanation of the procedure and all provided fluorescence scanning measurements are obtained simultaneinformed consent. The tenets of the Declaration of Helsinki ously. Axial graphs of the fluorescein measurements reprewere followed.
senting a volume of 75 m ϫ 75 m ϫ 2550 m were obtained from the vitreous. These were converted into retinal Surgical Technique leakage maps. Multiple measurements of retinal leakage were All patients were operated on by the same surgeon (C.L.) graphed using a false-color retinal leakage map, which repreusing a standard technique. Approximately 1 to 2 hours sents the distribution of BRB alterations in any part of the before surgery, a combination of phenylephrine 2.5%, tropictotal area of the posterior pole under examination. Leaking amide 0.5%, and cyclopentolate 1% eyedrops was instilled sites were identified as 75 m ϫ 75 m areas of maximum to obtain mydriasis. Topical anesthesia comprising oxybupropercentage of fluorescein leakage occurring in 300 m ϫ caine 1% eyedrops was then administered. 300 m areas of abnormally increased permeability (ie, perPhacoemulsification was performed using sodium hyalurmeability over the mean ϩ 2 SD of the control population). 8 onate 1% (Provisc). The technique included an unsutured Intravisit reproducibility and intervisit reproducibility of the 3.2 mm clear corneal incision, an anterior capsulorhexis, hydromethod are Ϯ10.2% and Ϯ13.0%, respectively. 7 dissection, nuclear fragmentation using low ultrasound power, cortex aspiration, and implantation of a 3-piece hy-
Retinal Thickness Analysis
drophobic acrylic IOL (AcrySof, MA60BM, Alcon Laboratories) in the bag. Retinal thickness was assessed by RTA and OCT. The After surgery, the eye was patched with an antibiotic-RTA is a quantitative and reproducible method of evaluating antiinflammatory agent. The postoperative regimen included retinal thickness. [9] [10] [11] The variability in the measurements obofloxacin, timolol maleate, and dexamethasone eyedrops for tained in normal subjects is 8%. 12 The principle of RTA is the first week followed by tapering of the dexamethasone based on projecting a thin helium neon laser (543 nm) slit over 2 weeks.
obliquely on the retina and viewing it at an angle in a manner similar to slitlamp biomicroscopy. The separation between BRB alterations at some time during the follow-up. The retinal leakage maps showed that most sites are probably located in the perifoveal retinal vessels. Localized increases in retinal thickness, indicating macular edema, were present in 41% of eyes.
The location of BRB alteration associated with macular edema after cataract surgery is controversial. ExperiThe localized BRB alterations, well documented by the leaking sites identified with the RLA, involved the mental studies by Tso and Shih 16 indicate that both the inner and outer BRB are altered. In this study, the higher entire macular area but were located primarily in the vascularized retina around the avascular foveal zone.
number of leaking sites in the vascularized regions of 15  7  3  14  15  0  4  5  5  10  10  9  5  4  17  15  12  2  9  11  6   16  8  6  6  0  0  5  4  0  2  6  8  0  2  6  7  0  3  4  8  0   17  6  13  15  13  4  0  5  0  0  5  6  5  18  4  12  17  7  4  5  3   18  0  7  13  -0  0  0  -0  13  2  -0  2  2  -0  6  10  -19  9  10  6  11  2  0  3  8  3  5  9  7  8  3  6  7  4  7  5  6   20  7  4  9  10  0  1  6  8  6  10  5  11  12  10  10  2  5  8  8  5   21  10  5  13  1  3  0  0  0  5  0  3  0 Pt ϭ patient the macula suggests significant involvement of the retiin the central foveal area. In 4 eyes, the increase was still present at the end of the study (30 weeks after nal vessels. However, the presence of leaking sites in the avascular foveal zone indicated that the retinal pigment cataract surgery). This was higher than 10% above the mean ϩ 2 SD in the normal reference group. The epithelium is also involved, although to a lesser degree.
Optical coherence tomography demonstrated the presence of cyst-like structural alterations in the retina was observed in only 2 (6%) of these 4 eyes. presence of localized areas of abnormally retinal thickness; that is, macular edema in 13 of 32 eyes. The Macular edema is a main cause of reduced visual acuity after cataract surgery. The true incidence, howincreases in retinal thickness were more predominate If only CME associated with reduced visual acuity giography after cataract surgery, is reported to be a relatively frequent finding, with an incidence after is considered, the incidence appears to be approximately 2%. 3 In our study, visual acuity generally remained at small-incision cataract surgery of approximately 20%. 4 Finally, in a study using vitreous fluorometry, a 8/10 or better. The 2 eyes with larger increases in retinal thickness and cystoid changes seen with OCT 30 weeks more sensitive method for detecting BRB alterations, abnormal leakage of fluorescein was present in the posteafter surgery had a final visual acuity of 10/10. rior pole in 68% of eyes that had uneventful cataract creases in retinal thickness are clearly less frequent in aging eyes. The alterations in the BRB remained relasurgery. 6 tively stable, even 30 weeks after surgery, whereas the In our study, the RLA identified leaking sites in increases in retinal thickness reached a maximum 6 all but 1 of the eyes examined. This extremely high weeks after surgery and decreased progressively afteroccurrence of BRB alterations (97%) that apparently ward. At the end of the study, 30 weeks after surgery, involve the retinal vasculature may be a result of the only 9 (28%) of the 32 eyes had some degree of macular age of the patients who have cataract surgery and may edema. These findings agree with the observations of indicate abnormal retinal vasculature in eyes with adSourdille and Santiago, 17 who found postoperative invanced senile cataract, which may be associated with creases in retinal thickness using OCT in 11 (27%) of the aging process.
Although BRB alteration appears to be an almost 41 eyes having uneventful small-incision cataract surgery and IOL implantation. constant finding after uneventful cataract surgery, in- 
